In electrophysiological experiments on visual pattern discrimination, decision difficulty was manipulated either via the physical characteristics of the test stimuli, or by changing the instruction given to the observer. Visual stimuli were rectangular matrices each composed of 100 Gabor patches having different orientations. Matrices differed in the number of Gabor patches with vertical, or horizontal, orientation. The observers' task was either to discriminate the dominant orientation or to detect collinear elements in the matrix. Relating task difficulty to performance, in the first experimental paradigm (detection of orientation) we obtained the conventional S-like psychometric function but in the second (detection of collinearity) the psychometric function showed a complicated U-curve. Matching between electrophysiological and psychophysical data and image statistical functions allowed us to establish the relative timing of the cortical processes underlying perception and decision making in relation to textural features. In the first 170 ms after stimulus onset coding of the low-level properties of the image takes place. In the time interval 170-400 ms, ERP amplitude correlated only with complex image properties, but not with task difficulty. The first effects arising from decision difficulty were observable at 400 ms after stimulus onset, and therefore this is probably the earliest electrophysiological signature of the decision making processes, in the given experimental paradigm.
Introduction
Past literature reflects general agreement that a distinction exists between an initial perceptual processing of stimulus features, and a higher-level decision process that is responsible for behavioral reactions, but questions regarding their relative time courses remain debatable (see Nichols & Newsome, 1999; Schall & Thompson, 1999; VanRullen & Thorpe, 2001) . With the help of event-related potentials (ERP) which have high temporal resolution it was shown the time window from approximately 100-200 ms at which identification of the visual stimulus occurs in the brain. This is true for faces (Jeffreys, 1996; Rousselet, Husk, Bennett, & Sekuler, 2008) , for natural images of other objects (Thorpe, Fize, & Marlot, 1996; VanRullen & Thorpe, 2001 ) and also for textures (Fahrenfort, Scholte, & Lamme, 2008) . However whether these differences between ERPs to objects and to non-objects reflect identification, and at what time the perceptual decision about the image occurs, is still unclear.
To address this question it is necessary to vary the difficulty of perceptual tasks during EEG recording, which will allow determination of ERP components which depend on the decision difficulty and, therefore, to establish the exact time at which the observer makes a conscious decision about properties of the object. For example, when the stimulus evidence was reduced by reducing the phase coherence of the image, an EEG component was identified approximately 220 ms after stimulus presentation which correlated with the visibility of the image and, therefore, with the psychometric curve (Philiastides, Ratcliff, & Sajda, 2006) . This finding allowed the authors to relate that EEG component with the decision made by the participant. However in their experiments the decision difficulty was a function of only the image visibility and it may be that ERP deflection at 220 ms reflects the perceptual saliency as a part of task independent segregation-specific modulations in ERP (Rousselet, Pernet, Bennett, & Sekuler, 2008; Rousselet et al., 2010; Straube, Grimsen, & Fahle, 2010) .
Here we present a study in which decision difficulty was manipulated not only by the physical characteristics of the image, but also by changing the instruction given to the observer. Different instructions were used in experiments on the discrimination of http://dx.doi.org/10.1016/j.visres.2016.05.005 0042-6989/Ó 2016 Elsevier Ltd. All rights reserved. texture, inspired by Field's study of textures consisting of Gabor gratings (Field, 1999; Field & Hayes, 2004; Field, Hayes, & Hess, 1993; Olshausen & Field, 2004) . Such gratings are commonly used because they well match to the receptive field features to which cells in primary visual cortex are tuned (Watson, 2006; Watson & Ahumada, 2005; Watson, Barlow, & Robson, 1983) . In the present study we developed a set of arrays in which the orientation of each Gabor patch was random, but the probability of vertical or horizontal patches (set among other orientations in the whole image) was different. Participants were given one of two tasks: one, to discriminate the predominant orientation within the matrix, and another, to detect collinear elements in the matrix. Therefore, two variables were manipulated in the experiment: higher-order statistics of the image (low-level properties of the image such as brightness and contrast remaining stable), and the instruction to the participant which changed the difficulty of the task. As a measure of decision difficulty we analyzed participants' reaction times and percentage of correct responses. The aim was to relate modulations in EEG activity to texture features (such as the degree of order in the matrix) and to the task difficulty and therefore, taking advantage of the high temporal resolution of ERPs, to establish the relative timing of cortical processes underlying perception and decision making. We hypothesized that relatively early ERP waves reflecting perceptual processes will depend exclusively on the images' properties, whereas later waves will reflect task difficulty, thus indicating the point at which the decision about the image occurs. Applying two different instructions to the same set of stimuli should arguably modulate top-down processes which we also hoped to evaluate in our study.
Methods

Participants
In total 51 volunteers participated in our experiments (median age 19 years, with a range of 18-35 years). All were right-handed, 49 of them were males. Of these, 25 participants received an instruction to discriminate the predominant orientation within the matrices, while another 26 participants had an instruction to detect collinear elements in the same set of matrices. All participants were free of current or past neurological or psychiatric disorders, had normal binocular vision estimated by The Worth Four Light Test, normal visual acuity without correction (higher than 1.0 by decimal notation), the range of astigmatism being no more than 0.25D estimated by auto refractometer Nidek Tonoref 2. Each subject was informed about the nature and the purpose of this study and gave written consent to participate. The study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) and approved by the local ethics committee.
Stimuli and procedure
The participant sat comfortably in a dimly lit, sound-attenuated and electrically shielded cabin, in which no electrical devices requiring an AC power supply were operated. Stimulation was provided by a BENQ PB 8250 XGA projector which was placed outside the cabin. The refresh rate of the projector was 85 Hz. Rectangular matrices composed of 100 Gabor patches (a sine wave grating windowed by a Gaussian envelope) were used as stimuli, as in earlier studies (Fokin et al., 2008; Kharauzov, Shelepin, Pronin, Sel'chenkova, & Noskov, 2008) . The matrices subtended a visual angle of 10 degrees at a viewing distance of 2.6 m; consequently, the size of each Gabor element was 1 degree. Gabor patches consisted of 4 black and white stripes, and their spatial frequency was 4 cycles per degree. Maximal Michelson contrast of gratings was 0.9. Orientation of Gabor patches varied from 0 to 165 degrees with step size 15 degrees. The matrices differed in terms of the number of Gabor elements with vertical and horizontal orientations. According to the number of co-oriented (either vertical or horizontal) gratings relative to other orientations, matrices could be either ''random" with all possible orientations equally represented or ''oriented" with the dominance of either vertical, or horizontal, orientations. The matrices were arranged into 8 groups according to their degree of orderliness: the number of Gabor patches sharing the same orientation was 8 (no dominant orientation, random matrix), 16, 24, 32, 40, 48, 56 and 64 . Consequently, as orderliness increased the number of elements with other orientations proportionally diminished (Fig. 1) . (Note that because the total number of gratings in the matrix was 100, we can also consider these numbers as percentages). Forty different matrices were generated for each level of orderliness, resulting in a total of 320 different visual stimuli. Special attention was paid to the minimizing of the probability of collinearly spaced Gabor patches (forming a figure like a snake) or any other contours and figures which could be formed by adjacent gratings. By visual inspection, matrices containing such pop out elements were discarded from the pool and changed by other realizations of matrices with corresponding percentages of collinear elements. Another criterion for discarding images was the presence of at least one pair of collinear Gabor gratings in matrices containing 8, 16, 24 and 32% of co-oriented elements. Matrices with more than 32% of co-oriented elements were selected for use only if they contained the shortest possible sequences of collinear elements. In other words, preference was given to matrices containing short, but widely distributed, collinear gratings, taking the image lines as a whole.
The main physical characteristics of matrices such as angular size, dimensions, brightness, contrast and spatial frequency were held constant, but images were differentiable in terms of their higher-level statistical properties. The first obvious determining factor was the number of elements sharing the same orientation, which linearly increased from the group of ''random" matrices to the group of highly ordered (oriented) matrices (Fig. 2, left) . The second factor, which derives from the first, is the relative dominance of one orientation over all other orientations. It was calculated as the ratio between the power of the horizontal (vertical) harmonic over the average power of resting orientations in the images' Fourier spectra (Fig. 2, middle) . The third determining factor was the number of collinear Gabor patches in the matrix, i.e. adjacent elements which shared the same orientation.
Stimuli were composed in such a way that images with the degree of ''orientational orderliness" less than 40% contained no collinear elements. As is clear from Fig. 2 (right) , only a small number of collinear elements appeared in matrices with 40% of co-oriented Gabor patches. Starting from that point, the number of collinear elements in the matrices sharply increased with the degree of ''orientational orderliness".
Matrices with predominantly vertical or horizontal orientations served as target stimuli and were presented for 1 s. in quasirandom order. Every target stimulus was replaced by the random matrix for another 1 s via an abrupt change of every Gabor grating's orientation. Afterwards, the random matrix was replaced by the next target stimulus. An advantage of this arrangement was that main physical parameters of the images (such as size, brightness and contrast) remained constant. Therefore, each trial lasted 2 s: 1 s presentation of the target stimulus and 1 s presentation of the masking random matrix which served also as a preceding image for a new trial.
In experiment 1 (Orientation task), participants were required to identify the predominant orientation in the target matrix, i.e. to make a choice between vertical or horizontal orientation, and to press the left of right mouse button to indicate their choice. As is clear from Figs. 1 and 2, maximally ordered stimuli and, consequently, the easiest for decision-making in a given task, were matrices containing 64% of co-oriented Gabor patches. The minimally ordered stimuli, having 16% of co-oriented Gabors, should be the most difficult for making a decision about the predominant orientation. Response side (L or R, for vertical or horizontal judgments) were counterbalanced across participants. In total, each of 14 possible types of target matrix (7 degrees of vertical and 7 degrees of horizontal gratings' dominance) were presented 80 times. Afterwards, responses to matrices with the same number of vertical or horizontal elements were averaged resulting in 7 groups which differed only in degree of stimulus orderliness. Each group therefore comprised 160 averaged trials.
In experiment 2 (Collinearity task), participants were asked to detect adjacent collinear Gabor elements in the target matrix and to press the left mouse button if they could see at least one such spatial combination or to press the right button if they could not detect any collinear gratings. As is seen from Figs. 1 and 2, maximally ordered stimuli containing 64% of co-oriented Gabor patches obviously have at least one pair of collinear Gabor elements, whereas looking at the minimally ordered stimuli with 16% of co-oriented Gabors, it is easier to decide that they do not contain collinear elements. Conversely, matrices with 40% of co-oriented Gabors should be the most difficult for making a decision in a given task because they are intermediate between ordered and random stimuli and may or may not contain collinear elements. As in experiment 1, responses were counterbalanced between fingers across participants. Data for each of the 7 groups of target stimuli were averaged across 160 trials.
In both experiments participants were instructed to hold their fixation on the small fixation point in the center of the screen throughout stimulus presentation and to press the appropriate response button as soon as possible when a target stimulus appeared. They were asked to press as quickly and accurately as possible, but prioritise the requirement to respond as quickly as possible. Experimental sessions were divided into 8 blocks lasting 5 min, each separated by a short break, the length of which was determined by the participant. Before the beginning of data collection, participants were trained to perform the task for few minutes.
Data acquisition
The EEG was recorded from occipital, parietal, temporal, central and frontal areas with Neurovisor -BMM 40 (Russian analogue of Nuamps by Neuroscan) amplifiers using 29 sintered Ag/AgCl electrodes mounted in an elastic cap and located according to the International 10-10 system. The ground electrode was placed on the participant's forehead with two reference electrodes placed near the left and right mastoids. Two additional electrodes were used to record the electrooculogram to monitor eye movements. Sensor impedances were maintained below 5 kO. Data were sampled at 1000 Hz and filtered by low cut 1st order filters at 0.1 Hz and high cut 2nd order filters at 30 Hz, using IIR (infinite impulse response) Butterworth causal filters.
Stimulation and registration were synchronized with the help of light sensitive VGA sensor placed on the left-bottom corner of the screen (far from any matrix image) and connected directly to the amplifier. Each target stimulus contained a small light spot positioned correspondingly to the VGA sensor placement and elicited a spike discharge recorded by an amplifier which we used for precise elaboration of the EEG data. Such optic synchronization allowed the avoidance of any jitters, either those which can frequently occur when the computer for stimulation sends a synchro-signal directly to a registration computer, or jitters of the stimulus display frames. Averaging epochs for ERP lasted from 200 ms before, to 1000 ms after, stimulus onset. All trials were visually inspected, and rejected if large-scale eye movements or blinks occurred, or where any other artifacts were detected arising from muscle movement or electrode drifts.
Data analysis
ERP amplitudes in the channel Oz (occipital area) were quantified in terms of peak amplitude (maximum or minimum deflection within a specified window) and were referenced to a baseline of 200 ms pre-stimulus onset. Different ERP components were defined according to the following time intervals: 50-130 ms (P90), 100-200 ms (N150), 160-260 ms (P220), 250-450 ms (P370), 400-800 ms (N600) and 800-1000 ms (P900). These time windows for searching extremums in individual ERPs were chosen on the basis of grand average ERPs and they were wide enough to avoid mistakes arising from latency jitter in individual responses.
At group level for both electrophysiological and psychophysical data, we made comparisons using means but for response latencies, the median was used as the most appropriate measure of central tendency. To verify an effect of stimulus type on the components' amplitude the Wilcoxon matched pairs signed rank test was used within participants because data were not normally distributed: for each participant we compared responses to different matrices. To verify an effect of instructions we compared responses to each kind of matrix between two samples (25 subjects for the Orientation task and 26 subjects for the Collinearity task) using the two-sample t-test. For both statistical methods, differences were considered significant at P < 0.05 (two-tailed).
To determine precisely the time at which stimulus type and instruction start to affect ERP amplitude we used general linear modelling (GLM) of the data with the help of LIMO EEG, an open source Matlab toolbox for hierarchical GLM (Pernet, Chauveau, Gaspar, & Rousselet, 2011) . The general linear model expressed single-trial ERP amplitudes, independently at each time point and each electrode, with the number of co-oriented Gabor gratings in the images serving as a predictor, which allowed testing for the covariation of single-trial ERPs with stimulus type. Details of this method have been elaborated elsewhere Rousselet, Gaspar, Wieczorek, & Pernet, 2011) . Briefly, analysis consists of two levels: at the first level, epoched data of each subject, comprising all trials, are analyzed to obtain the estimated parameters reflecting the effect of the stimulus type on ERP amplitude. At the second, individual parameters of experimental conditions coded at the first level are analyzed to test for significance across subjects. Significance of the results was confirmed using a one-sample t-test (P = 0.01 corrected for multiple comparisons by spatial-temporal clustering). Clustering control was performed on the sum of the F values within each cluster. The cluster sum statistics takes into account spatial extent and height information . Then the data obtained for two independent groups which received different instructions (to detect Orientation or Collinearity) were compared at each time point and each electrode using a two-sample t-test (P = 0.01 corrected for multiple comparisons by spatial-temporal clustering). For the cluster statistics we used 1000 bootstrap samples.
Results
Psychophysical data
In experiment 1, the instruction was to choose between the predominance of vertical or horizontal orientations (referred to below as the ''Orientation Task"). Even though individual reaction times and participants' accuracy in recognizing vertical or horizontal orientations differed, there were no systematic orientational biases. Therefore we merged the data for responses to matrices dominated by vertical and horizontal elements. Fig. 3 illustrates dependencies of the observers' accuracy (left) and the median reaction time (right) on the number of co-oriented Gabor patches in the matrix. As is seen from the figure, the percentage of correct responses was low (70%) for less oriented matrices and sharply increased with the degree of ''orientational orderliness", reaching a plateau (95%) where matrices contained 40 or more similarly oriented elements. In contrast, reaction time in the ''Orientation Task" gradually decreased from 630 to 525 ms with increasing numbers of cooriented gratings, demonstrating a shorter duration of stimulus processing for highly oriented matrices. To demonstrate the consistency of the results across participants the individual traces are presented in the Supplemental Fig. 1 . Assuming that percentage of correct responses and reaction time reflect the decision difficulty, we conclude that in a given task the decision difficulty decreased with increasing degree of orderliness.
In experiment 2 participants had to respond according to whether or not they saw collinear elements in the matrix. In Fig. 4 , left panel, is plotted the percentage of correct responses as a function of the number of similarly oriented Gabor elements in the matrix. Taking into account that collinear elements existed only in matrices with 40, 48, 56 and 64 co-oriented gratings (see methods, above), the right response to these matrices was ''Yes", and the obviousness of such response grows with the degree of orderliness. Contrarily, the correct response for the matrices with 32, 24 and 16 percents of similarly oriented Gabor elements is ''No", and the more random looks a matrix, the easier it is to say that there are no collinear elements. Therefore, the accuracy curve is U-shaped: the minimum for correct responses (52%) was observed for the discrimination of matrices with 40 co-oriented elements. This is because matrices from this group contained very few collinear elements which are quite difficult to detect in the situation where the response is required as soon as possible and visual search is forbidden. Less ordered matrices with 16 and 24 elements sharing the same orientation could be easily classified as random and therefore reported as not containing collinear elements. However, starting from matrices with 48 co-oriented Gabor patches, the number of collinear elements sharply increased (see Fig. 2 ) and, accordingly, observers could more easily detect such elements. Dependence of the reaction time on the stimulus type in the Collinearity task resembles an inverted U-shape, the maximum reaction time falling in the range between 32 and 40 co-oriented elements (Fig. 4, right panel) . Such dependence is in line with the observers' accuracy, indicating that more difficult tasks required more time to be performed. On the basis of these two psychometric curves we conclude that the most difficult matrices for making a decision in a given task have intermediate degrees of orderliness -32% and 40%. Less ordered and more ordered matrices are easier for the determination of whether or not they contain collinear elements. Individual results for every participant are presented in Supplemental Fig. 2. 
Electrophysiological data
The ERPs recorded from electrodes placed in posterior sites on the scalp, such as occipital, parietal and posterior temporal areas, were similar to each other, but differed from those recorded from electrodes placed in anterior areas including central, frontal and anterior temporal zones by their waveform and in terms of the effect of the stimulus type. Thus, evoked potentials recorded from posterior electrodes were characterized by prominent early waves and by the earliest effects of stimulus type on the amplitude of the response, which appeared approximately 200 ms after stimulus onset, with little or no effect on the latency of the ERP waves. That was true for both Orientation and Collinearity tasks (Fig. 5) .
As is seen from Fig. 5 , ERPs recorded at the posterior electrodes (for both Orientation and Collinearity tasks) were characterized by a series of components including P1 with peak latency 90 ms, N1 (150 ms), P2 (220 ms), P3 (370 ms) and late low-frequency negative and positive deflections with maximal amplitudes at approximately 600 and 900 ms respectively. Components P1, N1 and P2 were most prominent over the occipital electrodes with slight dominance at the lateral sites, whereas later waves had a broader Fig. 3 . Percentage of correct responses (left) and median reaction time (right) as a function of the number of co-oriented Gabor elements in the matrix, when the task was to discriminate the dominant orientation of the elements. Each trace is averaged across 25 participants. Error bars indicate 95% percentile bootstrap confidence intervals with 1000 bootstrap samples. Fig. 4 . Percentage of correct responses (left) and median reaction time (right) as a function of the number of co-oriented Gabor elements in the matrix when the task was to detect adjacent collinear elements. For the left part of the accuracy curve (matrices 16, 24 and 32%) the correct response is ''No, there is no any collinear element", while for the rest of the matrices the correct response is ''Yes, there is at least one collinear element". Each trace is averaged across 26 participants. Error bars indicate 95% percentile bootstrap confidence intervals with 1000 bootstrap samples. distribution over electrodes placed in parietal, central and frontal areas (see insets in Fig. 6 ). Note that the given scalp distributions were obtained using linked ear electrodes as a reference. ERPs recorded from anterior electrodes did not have prominent early components, while the latency of their late components showed a tendency to follow the reaction times. To illustrate the intersubject variability of ERPs, every individual trace recorded at electrode Oz is presented in Supplemental Fig. 3 .
We then analyzed dependencies of the main ERP components' amplitudes recorded from channel Oz on the number of cooriented elements in the matrix (Fig. 6) . The earliest component, P90, was affected by neither stimulus type nor instructions. The second wave, N150, also did not depend on the stimulus type, but its amplitude was significantly larger in the Orientation task compared to the Collinearity task (comparison of responses to all types of matrices between two groups using two-sampled t-test, P = 0.00004).
As can be seen from Fig. 6 , the stimulus type, but not an instruction given to observers, affects the amplitude of the relatively late ERP waves: P220 and P370 components. Thus, the amplitude of the P220 wave was maximal in response to the less oriented matrices and gradually decreased with the degree of orderliness. The P370 component showed dependence in an opposite direction, its amplitude exponentially increasing with the number of co-oriented Gabor patches. Such dependencies were seen for both Orientation and Collinearity tasks (filled circles and open triangles respectively). Statistical analysis revealed no effect of instructions on the amplitude of P220 and P370 components, whereas in both tasks there was a significant difference between responses to the less and to the most oriented matrices (comparison of responses to matrices 16 and 64 for each participant: Wilcoxon test: P = 1.8 * e À4 and P = 1.7 * e À6 for P220 in Orientation and Collinearity tasks respectively; P = 4.1 * e À7 and P = 1.3 * e À9 for P370 in Orientation and Collinearity tasks respectively). Amplitudes of the late negative and positive waves N600 and P900 were the only ones which showed significant differences between the two experimental conditions, i.e., between Orientation and Collinearity tasks (comparison of the responses to each type of matrix between two groups using two-sampled t-test: P = 0.005, P = 0.0006, P = 0.003, P = 0.04 for N600 wave in response to matrices 32, 40, 48, 56 respectively, and P = 4.6 * e À7 , P = 0.002, P = 0.0007 for P900 wave in response to matrices 16, 24, 64 respectively). Moreover, dependence of their amplitude on the degree of orderliness, especially for the P900 wave, was in line with the results obtained for the reaction times and for the percentage of correct responses in psychophysical experiments. Thus, the matrices that were the most difficult for recognition elicited ERP responses with the smallest amplitudes of the N600 and P900 components, the easier task producing higher wave amplitudes (compare Figs. 3, 4 and 6) . In addition to the traditional peak approach we applied a GLM method based on single trial data to clarify the time course of stimulus and instruction effects on ERPs. First, the effect of stimulus type on the ERP amplitude was calculated separately for groups of subjects performing the Orientation task and the Collinearity task. Fig. 7 (upper and middle) presents results from a onesample t-test performed on the stimulus type regressor, i.e., the number of co-oriented gratings in the matrices. The mean beta parameter for the electrode showing the strongest effect of stimulus type is presented as a function of time for the Orientation task (electrode P3, Fig. 7 , upper) and for the Collinearity task (electrode T5, Fig. 7, middle) . Thick lines represent averaged data, surrounded by thin lines for the 95% percentile bootstrap confidence interval. The horizontal bars under the zero line indicate time points of significant effects, based on one-sample t-tests (P < 0.01) with temporal cluster correction for multiple comparisons. To illustrate how GLM effects map onto classic ERP time-courses, Supplemental Fig. 4 represents the ERPs at the same electrodes together with beta coefficients on the same time scale.
The first significant changes in ERP amplitude depending on matrix type were observed at almost the same time after stimulus presentation for both groups of subjects: 172 ms for the Orientation task and 177 ms for the Collinearity task. That first negative deflection peaking at 200-210 ms coincides with ERP component P220, whose amplitude negatively correlates with the number of co-oriented elements in the matrix (see Fig. 6 ). The effects reported in Fig. 7 were the earliest across all electrodes. This is confirmed by a colour coded time course of the beta coefficients at all electrodes presented in the Supplemental Figs. 5 and 6 for the Orientation and Collinearity tasks respectively. On these figures topographic maps of the mean beta coefficients at key time points are also presented. Other positive and negative deflections on Fig. 7 (upper and middle) which appear later in time reflect the positive correlation of the absolute values of ERP amplitude with the number of co-oriented elements in the matrix.
To clarify the time at which changes in instruction start to influence the ERP we compared effects of stimulus type on the ERP amplitude obtained in the group with the Orientation task and in the group with the Collinearity task. The resulting difference curve is shown in Fig. 7 (lower) . The horizontal bar under the zero line indicates time points of significant difference between two tasks, based on a two-sample t-test (P < 0.01) with temporal cluster correction for multiple comparisons. As it is seen from the figure, only after 400 ms following stimulus presentation did the two groups begin to diverge, depending on task difficulty. Prior to that, ERP amplitude depended on stimulus type alone. The strongest difference between the two tasks was observed at electrode CP4. Data obtained at all other electrodes together with a topographic map are presented in Supplemental  Fig. 7 . 
Discussion
The aim of this study was to relate ERP components to several aspects of visual discrimination and to take advantage the high temporal resolution of ERPs, in order to establish the relative timing of the cortical processes underlying perception and decision making in relation to textural features. In these experimental paradigms, two variables were separately manipulated -orientational regularity, (i.e., the number of co-oriented elements in the image) and task difficulty.
The first variable was described by the image statistics (Fig. 2) , particularly influencing processes of visual perception. The second variable depended both upon the stimulus and instruction given and should mainly highlight decision making processes. Changes in decision difficulty were confirmed by the psychophysical data (Figs. 3 and 4) . In first experimental paradigm (when the instruction was to decide on the main orientation of patches) the conventional S-like psychometric function was obtained but in the second (detection of collinearity) the psychometric function showed a complicated U-curve.
The effects of the two major experimental variables on the data, particularly the match between electrophysiological, psychophysical data and image statistics, allowed us to relate some ERP components to the processing of stimulus properties and with decision difficulty. The first effect of instruction, but not task difficulty, we observed at 150 ms after stimulus onset -the amplitude of N150 wave was greater when the instruction was to choose the predominant orientation in the matrix. Executing of this task suggests activation of mechanisms of visual integration by grouping spatially integrated elements into a global structure rather than discrimination of the local features as in the Collinearity task. A similar increase in the negative wave of ERP in this time window was observed when a global Gabor contour was embedded in an array of randomly oriented Gabor patches (Butler et al., 2013; Machilsen, Novitskiy, Vancleef, & Wagemans, 2011; Shpaner, Molholm, Forde, & Foxe, 2013 ). An increase in the N1-amplitude peaking $100-170 ms after stimulus onset is also often found when participants observe an illusory contour such as a Kanizsa square which is associated with the emergence of a global shape (Herrmann & Bosch, 2001; Murray et al., 2002; Proverbio & Zani, 2002) . In our experiments the set of stimuli was the same for both groups of participants, however the N150 wave was different, while adjacent ERP components such as P90, P220 and P370 did not differ between the two groups. We suppose that an increase of N150 in the Orientation task reflects the top-down processing which provides an attentional tuning in order to combine elements together and evaluate the whole image. Indeed, in all the above mentioned studies the common feature which influenced N150 was the visual integration. In our experiments when observers performed the Orientation task, integration by grouping all Gabor elements into a whole image should presumably take place to correctly decide about the predominant orientation in the matrix, which is reflected in the enhanced N150 wave. The potential generator of that wave is located in the lateral occipital complex (LOC), as shown for Gabor contours (Shpaner et al., 2013) and for illusory contours (Kruggel, Herrmann, Wiggins, & von Cramon, 2001 ). Our results therefore point to an influence of top-down processes on the lateral occipital cortex 150 ms after stimulus onset.
Two subsequent positive waves in posterior electrodes P220 and P370 depended only on the stimulus orientational orderliness with no effect of instructions and, therefore, with no effect of decision difficulty. Such a differential effect of experimental variables implies that these waves reflect the activity of perceptual processes in coding stimulus properties. The amplitude of P220 in our experiments decreases with the degree of orientational regularity, whereas the P370 amplitude increased. An analogous effect on ERPs was observed in a figure detection tasks when a figure was embedded in a matrix of a Gabor elements; see and . In the latter experiments figure saliency was varied by changing visual cue configurations such as the orientation and spatial frequency of the elements composing the figure. As a result, irrespective the specific type of cue, the more salient the figure, the smaller the amplitude of the P2 component with a latency of 207 ms, and the larger the amplitude of P3 component with a latency of 372 ms. This allows us to conclude that the amplitude of P2 reflects perceptual saliency as a nonlinear function of the physical figure-ground difference, whereas the P3 component possibly reflects increased decision confidence at higher saliencies. Similar dependencies of these two components were described in a visual categorization task when the perceptual visibility of the images was changed by manipulating the phase coherence in the image spectra (Philiastides et al., 2006) . The more recognizable the image, the smaller the amplitude of P220 and the larger the amplitude of the positive wave at $ 400 ms after stimulus onset. The strong correlation between the amplitude of P220 and decision accuracy allowed the authors to relate that component to decision making processes.
In the above-mentioned studies, the common task for the visual system was extracting an image or figure as a whole, coherent structure from the background. In our experiment more ordered matrices should be perceived as more coherent or holistic structures. For instance, a matrix having 100% of co-oriented Gabor elements should be perceived more as a unit square composed of parallel stripes, whereas a completely random matrix does not have any embedded figures. Therefore, bearing in mind that P220 did not depend on the task difficulty, our data confirm the proposal of Straube and colleagues (2 0 1 0) that the P220 component reflects the perceptual saliency of the image during figureground segregation processes, presumably at the automatic, predecision level. Indeed, the amplitude of P220 has been found to be greater for scrambled than for intact images (Rousselet, Husk, et al., 2008; Rousselet, Pernet, et al., 2008) . Taking into account that the P370 amplitude also did not depend on task difficulty, and negatively correlated with the P220 amplitude, we tend to associate that component with the later stages of automatic figure-ground segregation processes.
With the help of the GLM approach we have clarified the time points when the stimulus type and instruction start to have effects on ERP amplitude. Combining GLM with the traditional component approach allowed us to represent experimental data from the point of view of the temporal evolution of ERPs and their possible functional significance during visual discrimination tasks. In the first 170-180 ms after stimulus onset, it was not possible to observe any effects of stimulus type on ERPs. This can be explained by the fact that during stimulation the main physical parameters of the image, such as brightness, contrast, spatial frequency and size remained constant, whereas it is well known from past literature that these properties of the stimulus are coded first and influence early components of the ERP (see Regan (1989) for a review).
Starting from 170 to 180 ms after stimulus onset, occipital ERPs do become sensitive to the orientational orderliness, assuming that there is a later stage of image processing coding complex image properties, such as perceiving the image as a whole unit. However, up to 400 ms the ERP amplitude does not depend on the instruction given to observers with the exception of a consistent shift in the amplitude of N150 between the two tasks which was probably due to different attentional tunings, and therefore top-down processing, depending on task demands. First effects arising from decision difficulty were observable at 400 ms after stimulus onset.
Finally, in all recording sites, we observed two low-frequency waves, N600 and P900, whose amplitude was well matched to the psychophysical data. The broad distribution of N600 and P900 components over the scalp suggests that they reflect generalized activity in the brain. The fact that the appearance and duration of these waves exceeds the reaction time implies that they reflect some post-decision processes. The characteristics of these late components seem to be consistent with Sutton and colleagues' original idea of ''uncertainty resolution" (Sutton, Braren, Zubin, & John, 1965) . Indeed, the amplitude of N600 and P900 waves is larger, the higher the participants' categorization accuracy and, therefore, self-confidence in their decision. On the other hand, these waves might reflect activity of the Default Mode Network (DMN), the set of brain structures which deactivate proportionally to the task difficulty.
In summary, we have shown that manipulation of the instruction given to participants in the present visual discrimination task can change not only psychometric functions, but also electrophysiological curves. Combining the electrophysiological and psychophysical data allowed us to provide further evidence for the time-course of activation processes underlying perceptual grouping and cognitive decision-related processes.
